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DETAILED ACTION 
Claim Objections 

L Claim 3-8, 11,13 and 15 are objected to because of the following informalities: Claim 
recites "within a range of from 0. 183" in line 5, the grammar is incorrect. The examiner 
recommends deleting "from" to improve the grammar. Appropriate correction is required, 
likewise for Une 5 in claims 4-8, line 8 of claim 11, line 7 of claim 13, line 10 of claim 15 and 
line 4 of claim 17. 



Uaim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

3. Claims 1 and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable over lida et al (US 
5,968,264) in view of Fujikawa (US 6,277,501). 

lida et al discloses a method of forming a silicon wafer with an N region formed over the 
entire surface by pulling a crystal from a silicon melt in a Czochralski method at a pulling rate, 
V, ranging between 0.55-0.58 mm/min and a G ranging from 42.0-45.0 °C/cm from the center to 
the edge of the silicon ingot, this reads on applicant's controlling V/G because V and G are 
controlled, therefore the ratio is inherently controlled (Example 1 and 2). lida et al also discloses 
in order to establish the N region over the entire cross section of a crystal, a highly precisely 
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control must be carried out. Also note that the entire reference has been incorporated into the 
basis of the rejection. 

lida et al does not disclose the silicon single crystal is pulled while doping with carbon. 
In a method of forming a silicon wafer, note entire reference, Fujikawa teaches growing a 

17 17 

silicon single crystal while controlling the oxygen concentration in the range of 12x10 -18x10 
atoms/cm^ and controlling the carbon concentration in the range of 0,3x10^^-2.5x10^^ atoms/cm^ 
(col 9, In 1-67), where 2.5x10^^ atoms/cm^ of carbon approximately corresponds to 0.5 ppma 
(col 5, In 1-67). Fujikawa also teaches annealing a wafer, containing specified amounts of 
oxygen and carbon, is annealed at 600-900^C for at least more than 15 minutes to achieve a 
BMD of over 3xl0Vcm^ (col 1 1, In 1-67). It would have been obvious to a person of ordinary 
skill in the art at the time of the invention to modify lida et al with Fujikawa to promote 
precipitation of oxygen, thereby producing an epi-wafer without an expensive EG treatment (col 
6, In 1-67 and col 7, In 1-67). 

Referring to claim 5, the combination of lida et al and Fujikawa teaches annealing at 600- 
900°C, overlapping ranges are held to be obvious (MPEP 2144.05). 

4, Claims 2, 6, 9-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over lida et al 
(5,968,264) in view of Fujikawa (US 6,277,501) as applied to claim 1 above, and further in view 
of Tamatsuka et al (US 6,162,708). 

The combination of lida et al and Fujikawa teaches all of the limitations of claim 2, as 
discussed previously in claim 1, except the silicon single crystal is doped with nitrogen. 
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In a method of forming an epitaxial silicon wafer, note entire reference, Tamatsuka et al 
teaches a silicon single crystal doped with nitrogen in the range of 1x10^^ to 5x10^^ atoms/cm^ 
and an interstitial oxygen concentration in the single crystal ingot is 18 ppma or less (col 2, In 1- 
67). Tamatsuka et al also teaches annealing at 900^^0 (col 8, In 1-67). It would have been obvious 
to a person of ordinary skill in the art at the time of the invention to modify the combination of 
lida et al and Fujikawa with Tamatsuka et al because a silicon single crystal wafer produced by 
doping nitrogen during growth of the silicon crystal ingot has a high gettering capability, growth 
of grown in defects incorporated can be suppressed and density of oxide precipitates can be 
increased (col 6, In 1-67). 

Referring to claim 6, the combination of lida, Fujikawa and Tamatsuka et al teaches 
annealing at 600-900°C. Overlapping ranges are held to be obvious. 

Referring to claims 1 1-18, the combination of lida, Fujikawa and Tamatsuka teaches 
pulling a silicon single crystal with only a N-region, this reads on applicant's pulled not generate 
secondary defects, with a carbon concentration of 0.05 ppma, a nitrogen concentration of 1x10^^- 
1x10^^ atoms/cm3 and a oxygen concentration of 18 ppma or less and annealing to obtain BMD 
of over 3xl0Vcm^. Overlapping ranges are held to be obvious. 

5. Claims 3 and 7 are rejected under 35 U.S.C. 103(a) as being unpatentable over lida et al (US 
5,968,264) in view of Fujikawa (US 6,277,501) as applied to claim 1 above, and further in view 
of Hourai et al (US 5,954,873). 
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The combination of lida et al and Fujikawa teaches all of the limitations of claim 3, as 
discussed previously, except controUing V/G within a range of 0.183-0.177 mm^/K min. 

Hourai et al discloses a V/G ratio of 0. 183-0. 177 mm^/K min (Fig 2), where dislocation 
clusters form through the entire wafer, this reads applicant's N-region, where wafers are formed 
from a silicon single crystal ingot manufactured by the Czochralski method with careful control 
of the pulling rate and temperature gradient permit a crystal to be formed that is free of 
Oxidation induced stacking fault rings and other defects (Abstract). Hourai et al also teaches V 
and G are important parameters for controlling the diameter of an OSF ring (col 4, In 1-67). It 
would have been obvious to a person of ordinary skill in the art at the time of the invention to 
modify the combination of lida et al and Fujikawa with Hourai et al because a larger V/G allows 
the crystal to be pulled faster, thereby increasing production, 

6. Claims 4 and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable over lida et al (US 
5,968,264) in view of Fujikawa (US 6,277,501) and Tamatsuka et al (US 6,162,708) as applied 
to claim 2 above, and further in view of Hourai et al (US 5,954,873). 

The combination of lida et al, Fujikawa and Tamatsuka et al teaches all of the limitations 
of claim 4, as discussed previously, except controlling V/G within a range of 0. 183-0. 177 mmV 
K min. 

Hourai et al discloses a V/G ratio of 0. 183-0. 177 mm^/K min (Fig 2), where dislocation 
clusters form through the entire wafer, this reads appUcant's N-region, where wafers are formed 
from a silicon single crystal ingot manufactured by the Czochralski method with careful control 
of the pulling rate and temperature gradient permit a crystal to be formed that is free of 
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Oxidation induced stacking fault rings and other defects (Abstract). Hourai et al also teaches V 
and G are important parameters for controlling the diameter of an OSF ring (col 4, In 1-67). It 
would have been obvious to a person of ordinary skill in the art at the time of the invention to 
modify the combination of lida et al, Fujikawa and Hourai et al with Hourai et al because a 
larger V/G allows the crystal to be pulled faster, thereby increasing production. 

7. Claims 1,3,5, 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over Hourai 
et al (US 5,954,873) in view of Fujikawa (US 6,277,501). 

Hourai et al discloses a V/G ratio of 0. 183-0. 177 mm^/K min (Fig 2), where dislocation 
clusters form through the entire wafer, this reads applicant's N-region, where wafers are formed 
from a silicon single crystal ingot manufactured by the Czochralski method with careful control 
of the pulling rate and temperature gradient permit a crystal to be formed that is free of 
Oxidation induced stacking fault rings and other defects (Abstract). Hourai et al also teaches V 
and G are important parameters for controlling the diameter of an OSF ring (col 4, In 1-67). Also 
note the entire reference has been incorporated into the basis of the rejection. 

Hourai et al does not disclose the silicon single crystal is pulled while doping with carbon 
In a method of forming a silicon wafer, note entire reference, Fujikawa teaches growing a 

17 17 

silicon single crystal while controlling the oxygen concentration in the range of 12x10 -18x10 
atoms/cm^ and controlling the carbon concentration in the range of 0.3x10^^-2.5x10*^ atoms/cm^ 
(col 9, In 1-67), where 2.5x10^^ atoms/cm^ of carbon approximately corresponds to 0.5 ppma 
(col 5, In 1-67). Fujikawa also teaches annealing a wafer, containing specified amounts of 
oxygen and carbon, is annealed at 600-900^C for at least more than 15 minutes to achieve a 
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BMD of over 3xl0Vcm^ (col 1 1, In 1-67). It would have been obvious to a person of ordinary 
skill in the art at the time of the invention to modify Hourai et al with Fujikawa to promote 
precipitation of oxygen, thereby producing an epi-wafer without an expensive EG treatment (col 
6, In 1-67 and col 7, In 1-67). 

Referring to claim 3, 5 and 7, the combination of Hourai et al and Fujikawa teaches a 
carbon concentration of 0.5 ppma and a V/G of 0. 183-0. 177 mm^/K min and annealing at a 
temperature of 600-900''C. Overlapping ranges are held to be obvious (MPEP 2144.05). 

Referring to claim 9, the combination of Hourai et al and Fujikawa teaches a wafer with 
dislocation clusters throughout the wafer pulled under a similar V/G condition, as applicant, 
therefore this reads on applicant's N-region. And a carbon concentration of 0.5 ppma. 

8. Claims 2, 4,6 8 and 10-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Hourai et al (US 5,954,873) in view of Fujikawa (US 6,277,501) as appUed to claim 1 above, and 
further in view of Tamatsuka et al (US 6,162,708). 

The combination of Hourai et al and Fujikawa teaches all of the limitations of claim 2, as 
discussed previously in claim 1, except doping with nitrogen. 

In a method of forming an epitaxial silicon wafer, note entire reference, Tamatsuka et al 
teaches a silicon single crystal doped with nitrogen in the range of 1x10^^ to 5x10^^ atoms/cm^ 
and an interstitial oxygen concentration in the single crystal ingot is 18 ppma or less (col 2, In 1- 
67). Tamatsuka et al also teaches annealing at 900°C (col 8, In 1-67). It would have been obvious 
to a person of ordinary skill in the art at the time of the invention to modify the combination of 
Hourai et al and Fujikawa with Tamatsuka et al because a silicon single crystal wafer produced 
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by doping nitrogen during growth of the silicon crystal ingot has a high gettering capability, 
growth of grown in defects incorporated can be suppressed and density of oxide precipitates can 
be increased (col 6, In 1-67). 

Referring to claims 6 and 8, the combination of Hourai, Fujikawa and Tamatsuka teaches 
annealing at 600-900°C, overlapping ranges are held to be obvious (MPEP 2144.05). 

Referring to claim 10, the combination of Hourai, Fujikawa and Tamatsuka teaches a 
nitrogen content of 1x10^^-1x10^^ number/cm3, overlapping ranges are obvious. 

Referring to claims 1 1-18, the combination of Hourai, Fujikawa and Tamatsuka teaches 
pulling a silicon single crystal to form only dislocation clusters, this reads on applicant's pulled 
not generate secondary defects, with a carbon concentration of 0.05 ppma, a nitrogen 
concentration of 1x10**^-1x10^^ atoms/cm3 and a oxygen concentration of 18 ppma or less and 
annealing to obtain a BMD of over 3x10^ /cm^. Overlapping ranges are held to be obvious. 

Conclusion 

9. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

lida et al (US 6,077,343) teaches a method of forming a silicon wafer consting of a N- 
region where neither V-rich nor I-rich region is present in the entire surface of the crystal by a 
CZ method, note abstract. 

Wijaranakula (US 5,961,713) teaches a silicon single crystal grown by a Czochralski 
process with a oxygen content of 10-50 ppma, a density of microdefects of 1x10 /cm or more 
and annealing a wafer obtained from the silicon ingot at 600-900*^0 (col 4-5). 




Application/Control Number: 10/009,910 



Page 9 



Art Unit: 1765 

Haddad et al (US 4,992,840) teaches a silicon wafer doped with carbon during growth 
with a carbon concentration of 2.4 ppm (col 6). 

Yoshimasa (Abstract of JP 03-183685) teaches a silicon single crystal having 0, 1-50 
ppma carbon content. 

Yutaka (abstract of JP 1 1-302099) teaches doping a silicon ingot with carbon promotes 
oxygen precipitation. 

10, Any inquiry concerning this communication or earlier conraiunications from the examiner 
should be directed to Matthew J Song whose telephone number is 703-305-4953. The examiner 
can normally be reached on M-F 9:00-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Benjamin L Utech can be reached on 703-308-3868. The fax phone numbers for the 
organization where this application or proceeding is assigned are 703-872-93 10 for regular 
communications and 703-872-931 1 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is 703-308-0661. 



Matthew J Song 
Examiner 
Art Unit 1765 



MJS 

November 20, 2002 




